Introduction
============

Social cognition in adolescents with autism spectrum disorder
-------------------------------------------------------------

A deficit in social cognitive abilities, including accurately integrating, interpreting, and responding to social cues is a critical impairment in patients with autism spectrum disorder (ASD).[@b1-ndt-12-651] The deficit of social cognition in patients with ASD has been associated with an impairment of language and communication in early childhood.[@b2-ndt-12-651],[@b3-ndt-12-651] Furthermore, these patients are faced with challenges in late adolescence and adulthood with regard to building interpersonal relationships, occupational functioning, and participating in the community.[@b4-ndt-12-651] Patients with ASD with high functioning are on one side of the autism spectrum, and interventions and treatment modalities are currently being developed to help them overcome these challenges in the social community.[@b4-ndt-12-651],[@b5-ndt-12-651] Currently, there are few evidence-based treatments or interventions for late adolescents or adult patients with high-functioning autism.[@b5-ndt-12-651]

Prosocial online game training for social cognition
---------------------------------------------------

Previous studies have developed various programs to improve social skills and social cognition and their effectiveness was then quantified in terms of technique and platform.[@b1-ndt-12-651],[@b6-ndt-12-651],[@b7-ndt-12-651] Several studies have simulated situations of a party or job interview[@b8-ndt-12-651] and observed the frequency and style of personal interactions[@b6-ndt-12-651] in ASD adolescents and ASD adults. Sociality in patients with ASD has been assessed by observing social performance and emotional responses.[@b1-ndt-12-651],[@b7-ndt-12-651],[@b9-ndt-12-651]--[@b11-ndt-12-651] To this end, self-rated questionnaires that assess empathy and acceptance of other people have also been supplied to ASD adults.[@b6-ndt-12-651] In other studies, social performance has been recorded while patients with ASD engage in a social task.[@b1-ndt-12-651],[@b7-ndt-12-651] Often, the emotional response is assessed by determining participants' accuracy with regard to emotion recognition in faces or voices or by matching expressions of emotion to emotional words.[@b9-ndt-12-651],[@b10-ndt-12-651] To characterize emotions and social cognition in patients with ASD in more detail, our previous study reported brain activity in response to emotional words and emoticons (animated face containing emotion) using functional magnetic resonance imaging (fMRI).[@b11-ndt-12-651] Compared to healthy subjects, patients with ASD showed greater activation within the fusiform gyrus in response to the presentation of emotional words and facial emoticons.[@b11-ndt-12-651]

As a platform that provides opportunities to practice social interaction, virtual reality has been used to improve social training.[@b12-ndt-12-651] In a study by Kandalaft et al,[@b12-ndt-12-651] computer-based simulations of everyday life were presented on screen. After ten sessions of virtual reality social cognition training, eight ASD adolescents showed improvement on emotion recognition as well as social and occupational functions in a real-life situation.[@b12-ndt-12-651] In another study, an interactive game system was thought to have possible therapeutic benefits in terms of memory, facial recognition, motor skills, and social interaction in ASD children.[@b13-ndt-12-651]

As another platform, video games have been suggested to improve sociality in patients with ASD. Similar to virtual reality therapy,[@b12-ndt-12-651],[@b14-ndt-12-651] online video games have merit to improve sociality in real-life experiences. These games provide a safe environment, repeated practice and exposure, naturalistic environments, various social scenarios, and replicated social conditions.[@b15-ndt-12-651]--[@b18-ndt-12-651] Wilkinson et al[@b18-ndt-12-651] summarize the benefits of online video games in supplementing therapeutic interactions for amelioration of anxiety, attention deficit hyperactivity disorder, and ASD; however, they should not replace therapists. Whalen et al[@b15-ndt-12-651] developed a computer-assisted instructional program, Teach Town, which has a game-like structure for improving receptive language, social understanding, self-help, attention, memory, auditory processing, and academic skills for ASD children. Recent studies have reported that prosocial video game playing increases prosocial behaviors and thoughts in healthy adults.[@b19-ndt-12-651],[@b20-ndt-12-651] In addition, Greitemeyer et al[@b21-ndt-12-651] showed that playing prosocial video games was associated with increased empathy and decreased reported pleasure at another's misfortune compared to neutral games. However, despite the growing recognition that virtual reality and video games can have therapeutic benefits, there has been little documented evidence and few studies assessing the treatment dynamics with the medium of online games.

Hypothesis
----------

On the basis of previous studies, we assessed social cognition by having participants recognize emotional words and facial emoticons and by observing brain activity. We hypothesized that cognitive behavior therapy (CBT) using a prosocial online game would improve social cognition assessed using measures of social communication, facial recognition, and emotional words in ASD adolescents. In addition, we anticipated that improvements in social cognition in response to a prosocial game would be associated with brain activity within the fusiform gyrus in response to emoticons.

Methods
=======

Participants
------------

The Department of Psychiatry at Chung Ang University Hospital in Seoul, Republic of Korea, advertised the study of brain activity in response to emotional words and facial emoticons as well as CBT for sociality improvement in two phases. First, 15 ASD adolescent and age- and sex-matched healthy comparison subjects were recruited for the study of brain activity in response to emotional words and facial emoticons. Among those 15 ASD adolescents, 10 agreed to participate in the prosocial online game-CBT and the brain study. Second, 15 different adolescents with ASD were recruited to compare the effects of a prosocial online game (game-CBT) with offline-CBT. Brain activity in response to emotional words and facial emoticons for the 15 ASD adolescents in the first phase were analyzed and reported in a previous report.[@b11-ndt-12-651] Inclusion criteria for the participants were 1) between the ages of 13 and 18 years, 2) diagnosed with ASD, 3) having an intelligence quotient (IQ) ≥70, and 4) having an Autism Diagnostic Observation Schedule (ADOS) score in the range of 4--7.[@b22-ndt-12-651] Exclusion criteria were as follows: 1) comorbid Axis I Disorders, as determined by the Korean Kiddie Schedule for Affective Disorders and Schizophrenia-Present and Lifetime version (K-SADS-PL)[@b23-ndt-12-651] or psychiatry medication history within the last month; 2) history of head trauma with loss of consciousness, seizure disorder, multiple sclerosis, brain tumor, claustrophobia, metal implantation, or cerebrovascular accident; 3) serious or chronic medical illness; 4) IQ \<70; and/or 5) a history of substance abuse. Twenty-five ASD adolescents were randomly assigned to the game-CBT (N=13) and offline-CBT groups (N=12). Of the 25 ASD adolescents, two ASD adolescents (one in game-CBT group and one in the offline-CBT group) were excluded because their IQ score was \<70, one ASD adolescent in the game-CBT group was excluded because of attention deficit hyperactivity disorder, and one ASD adolescent in the game-CBT group was excluded because (s)he had been taking antipsychotic medication to reduce aggression. One ASD adolescent in the offline-CBT group dropped out due to lack of interest. Finally, ten ASD adolescents in the game-CBT group and ten ASD adolescents in the offline-CBT group completed all sessions of CBT. The research protocol was approved by the Chung Ang University Hospital Institutional Review Board. Written informed consent was provided by the ASD adolescents, and written informed consent was also provided by their parents.

Procedures and assessment
-------------------------

### Prosocial online game-CBT and offline-CBT

The ASD adolescents in the game-CBT group were asked to sit in a closed room, log onto the game website, and play the online prosocial game, "Poki-Poki (<http://www.pokipoki.co.kr/>)", for 1 h/d, 3 times/wk with study personnel (two psychiatric social workers and one psychologist) for 6 weeks. There was no further assessment following the 6-week period of study. While playing the game, adolescents could engage in social activity by chatting, presenting virtual gifts, and imitating the other players to improve their own avatar and become friends with other avatars. During Poki-Poki game play, the study personnel conducted CBT by chatting with ASD adolescents in line with an established protocol ([Table 1](#t1-ndt-12-651){ref-type="table"}). To this end, participants were exposed to social and emotional words that were selected from a list of Korean emotional terms.[@b24-ndt-12-651] Similarly, ASD adolescents in the offline-CBT group were asked to participate in offline-CBT for 1 h/d, 3 times/wk with study personnel (two psychiatry social workers and one psychologist) for 6 weeks. During the 6-week offline-CBT, the study personnel conducted offline-CBT using same protocols as well as the same social and emotional words that were used in the online game-CBT. The protocol for social cognition consisted of 18 sessions (S) (two sessions for assessment and 16 sessions for CBT); S1: introduction; S2, 3: basic attitudes in conversation; S4, 5: body attitudes in conversation; S6, 7: verbal attitudes in conversation; S8: understanding what other people are saying; S9, 10: thought, emotion, and behavior; S11: voice; S12: self-assertiveness; S13: stress; S14, 15: coping strategies; and S16: review and future planning ([Table 1](#t1-ndt-12-651){ref-type="table"}).

### Assessment

At baseline, all ASD adolescents in both groups were evaluated using K-SADS-PL, ADOS, the Social Communication Questionnaire Current form-Korean version (SCQ-K), an activity in which they identified emotional words and facial emoticons, and fMRI. After the last CBT session, all ASD adolescents in both groups repeated the SCQ-K, the activity where they identify emotional words and facial emoticons, and fMRI scanning. For confirmation of diagnosis, further evaluation with ADOS was assessed by a social worker (BGY), who has both clinical and research certificates for ADOS and Autism Diagnostic Interview, based on the training given by the supervisor Catherine Lord. The SCQ-K has been reported to have an inter-item consistency range from 0.84 to 0.93;[@b25-ndt-12-651],[@b26-ndt-12-651] it has three subitems, including reciprocal social interaction (SCQ-I); communication (SCQ-C); and restricted, repetitive, and stereotyped pattern behavior (SCQ-B). The IQ scores and social communication in ASD adolescents were assessed with the Korean Wechsler Adult Intelligence Scale[@b27-ndt-12-651] and SCQ-K,[@b26-ndt-12-651] respectively. Correct identification of emotional words (45 pleasant words +15 unpleasant words) and facial emoticons (45 pleasant faces +15 unpleasant faces) were assessed with 60 emotional words, with test--retest reliability of 0.82, and 60 facial emoticons, with test--retest reliability of 0.84, respectively. The explanation of emotional words and facial emoticons has been described in detail in our previous report.[@b11-ndt-12-651]

With the same sequences as our previous report,[@b11-ndt-12-651] brain activity was assessed in two separate scans, in response to 1) 60 emotional words and 2) 60 facial emoticons. All information of brain activity was gathered from blood oxygen level dependent fMRI at 3 T (Achieva 3.0, Philips, Eindhoven, the Netherlands). For the fMRI protocol, 180 echo planar images (33 transverse slices, 4.0 mm thickness, voxel size of 1.8×1.8×4.0 mm, TE =30 ms, TR =3,000 ms, flip angle =90°, in-plane resolution =128×128 pixels, field of view \[FOV\] =230×230 mm) were recorded at 3-second intervals. For the anatomical imaging protocol, three-dimensional T~1~-weighted magnetization-prepared rapid gradient echo data were gathered with these parameters: TR =2,000 ms, TE =4 ms, FOV =256×256 mm, 340 slices, 0.9×0.9×1.0 mm voxel size, flip angle =30°. A video was presented for inducing brain activity that consisted of 450-second long, five continuous 90-second segments. Each 90-second segment consisted of three 30-second subsegments. A white cross on a black background (B), a single nonemotional word (or neutral face) (Match, M), and an emotional word (or facial emoticon) stimulation (Stimulation, S) were included in these 90-second segments. The five segments were ordered as follows: B-M-S, B-S-M, M-B-S, S-B-M, and M-S-B.[@b11-ndt-12-651]

Brain activity data of individual adolescents were analyzed by a general linear model, with regressors defined to correspond to the time courses of the task conditions; each voxel of the time series was *z*-transformed. In addition, random effects analysis was applied to construct individual and group statistical parametric maps of brain activation. The group analysis consisted of a contrast between the averaged brain activation in response to (A) task (words or emoticons) and match at baseline versus (B) task and match at 6 weeks. The changes in brain activity in response to emotional words and emoticons between baseline and 6 weeks were compared using a paired *t*-test. These group maps were designed to correct multiple comparisons with a joint voxelwise significance and cluster size threshold to allow detection of weak but spatially extensive activations: the resulting false discovery rate was \<0.05 for voxel sizes \>40.[@b28-ndt-12-651]

Statistical analysis
--------------------

Differences in demographic data, including age, IQ, SCQ scores, and percentage of correct answers in identifying emotional words/emoticons between the game-CBT group and the offline-CBT group were compared using the Mann--Whitney *U*-test and analysis of covariance (ANCOVA) test controlling for IQ. The changes in SCQ total, social interaction, communication, and stereotyped pattern behavior scores between two groups were compared using a repeated measure ANCOVA controlling for IQ. The changes in percentage of correct answers in identifying emotional words/emoticons between two groups were also compared using a repeated measure ANCOVA controlling for IQ.

Results
=======

Demographic characteristics
---------------------------

There were no significant differences in sex, age, ADOS scores, Childhood Autism Rating Scale (CARS) scores, IQ, or SCQ scores between the game-CBT and the offline-CBT groups ([Table 2](#t2-ndt-12-651){ref-type="table"}).

The change in social communication quality and correct identification of emotional words and emoticons
------------------------------------------------------------------------------------------------------

In response to the 6-week CBT, SCQ-total scores were improved in both groups (game-CBT: *z*=2.84, *P*\<0.01; offline-CBT: *z*=11.1, *P*=0.04). However, there was no significant difference in the degree of improvement between the two groups (*F*=0.17, *P*=0.69). In a post hoc test, the game-CBT group showed greater improvements in SCQ-I scores compared to the offline-CBT group (*F*=9.40, *P*\<0.01), while the offline-CBT group showed greater improvements in SCQ-B (*F*=6.23, *P*=0.02).

Compared with before CBT, the correct response rate of emotional words was improved in both groups after CBT (game-CBT: *z*=2.67, *P*\<0.01; offline-CBT: *z*=2.84, *P*\<0.01). However, there was no significant difference in the degree of improvement between the two groups (*F*=0.44, *P*=0.52). Over the course of the intervention, the correct response rate to facial emoticons was improved in both groups (game-CBT: *z*=2.85, *P*\<0.01; offline-CBT: *z*=2.43, *P*=0.01). However, there was no significant difference in the degree of improvement between groups (*F*=2.72, *P*=0.44).

Brain changes in response to emotional words and facial emoticons
-----------------------------------------------------------------

After CBT, the game-CBT group showed that the brain activity in response to emotional words within the right temporal lobe, left superior parietal lobe, and left superior temporal lobe was increased compared to before CBT (*P*\<0.05). The offline-CBT group showed an increase in brain activity in response to emotional words within right cingulate gyrus and left parietal lobe in response to CBT (*P*\<0.05; [Figure 1](#f1-ndt-12-651){ref-type="fig"}, [Table 3](#t3-ndt-12-651){ref-type="table"}).

CBT led to an increase in brain activity in response to facial emoticons within right cingulated gyrus, left medial frontal gyrus, left cerebellum, left fusiform gyrus, and left insular and sublobar area in the game-CBT group (*P*\<0.05). Similarly, the offline-CBT group showed an increase in brain activity in response to facial emoticons in the right anterior cingulate gyrus and left cingulate gyrus (*P*\<0.05) as well as a decrease of activity in the right medial frontal gyrus, left superior frontal gyrus, and left superior parietal lobe (*P*\<0.05; [Figure 1](#f1-ndt-12-651){ref-type="fig"}, [Table 3](#t3-ndt-12-651){ref-type="table"}). There were no brain regions showing decreased activity in response to emotional words and facial emoticons in the game-CBT group during the 6 weeks.

Correlation between the changes in social communication, the correct identification of emotional words and emoticons, and brain activity
----------------------------------------------------------------------------------------------------------------------------------------

In the game-CBT group, the changes in mean β values within the left fusiform gyrus were positively correlated with the changes in the correct identification rate of emoticons at a trend level (*r*=0.71, *P*=0.02) and negatively correlated with the changes in SCQ-I scores at a trend level (*r*=−0.55, *P*=0.08). There were no significant correlations between the changes in social communication, correct identification of emotional words and emoticons, and brain activity within other clusters.

Discussion
==========

The current results suggest that game-CBT was as effective at improving sociality in ASD adolescents as offline-CBT. Moreover, game-CBT led to greater improvements in social interactions but fewer improvements in controlled, restricted, and stereotyped behavior in ASD adolescents compared to offline-CBT. In addition, patients in the game-CBT group exhibited different changes in blood flow in response to emotional words and facial emoticons in the temporal lobe, fusiform gyrus, and insular cortex compared to the offline-CBT group.

The effect of game-CBT on sociality in ASD adolescents
------------------------------------------------------

Game-CBT for ASD adolescents in this study was effective at improving sociality to a similar degree as offline-CBT. The improvement with regard to emotion recognition, assessed by the percentage of emotional words and facial emoticons identified correctly, was also similar between the game-CBT group and the offline-CBT group. These results are consistent with previous results with CBT using a computer or video game format.[@b1-ndt-12-651],[@b6-ndt-12-651],[@b7-ndt-12-651] Interestingly, in our study, the game-CBT group showed an improved social interaction score, a subscale of SCQ, while the offline-CBT group showed an improved social behavior score. Indeed, others have shown that computer games can deliver effective CBT by providing a proper virtual space for practicing social interaction, social cognition training, and sociality education in high-functioning patients with ASD.[@b12-ndt-12-651],[@b13-ndt-12-651]

In this study, we report two novel findings. First, a short intervention (6 weeks) using an online game improved emotion recognition in ASD adolescents. This result builds upon previous studies that utilized a relatively long intervention period of at least 15 weeks. One previous study used Social Cognition and Interaction Training for optimal use with high-functioning autism adults for 18 weeks[@b29-ndt-12-651] and the other implemented 15 weeks of social software.[@b30-ndt-12-651] Both improved emotion recognition in patients with ASD. Second, we used a readymade prosocial game that originally had no intention of improving sociality but was designed simply for leisure. The original online game was used as a platform to conduct the CBT protocol by professional study personnel. To the best of our knowledge, this study is the first trial to compare the effectiveness of the same CBT protocol in the form of game-CBT with a readymade prosocial online game and offline-CBT in adolescents with ASD. Taken together, we cautiously suggest that CBT using an online game can increase social interaction in a virtual space to improve sociality in ASD adolescents.

Difference in the changes of brain activity in response to emotional words and facial emoticons between game-CBT and offline-CBT
--------------------------------------------------------------------------------------------------------------------------------

The game-CBT group in this study showed different brain changes in response to emotional words and facial emoticons compared to the offline-CBT group. In response to emotional words, the brain activity within the temporal and parietal cortices in the game-CBT group increased, while the brain activity within cingulate and parietal cortices in the offline-CBT group increased. The activation within occipitotemporal areas in response to emotional words is thought to be associated with the lexical meaning of words and the task relevance of visually presented words.[@b31-ndt-12-651],[@b32-ndt-12-651] The parietal cortex responds to the emotional content of word stimuli.[@b33-ndt-12-651] The cingulate gyrus is thought to be associated with social cognitive functions, including mentalizing, person perception, self-referential judgment, and inferences about others.[@b34-ndt-12-651],[@b35-ndt-12-651] Specifically, self-reflection consisting of self-referential judgment and inference is a crucial social function for understanding the minds of other people.[@b36-ndt-12-651] The cingulate gyrus is also associated with emotional valence.[@b37-ndt-12-651] The ventral cingulate is involved in error detection and emotional conflict.[@b38-ndt-12-651] The dorsal cingulate gyrus is associated with error and feedback processing.[@b39-ndt-12-651] On the basis of these results, offline-CBT may be particularly useful in augmenting brain use for emotional valence in response to emotional words in ASD adolescents.

In our previous study, patients with ASD were more familiar with emotional words than with facial expressions on emoticons, because emoticons include both verbal parts of a message as well as nonverbal emotional communication.[@b11-ndt-12-651] In addition, decreased brain activity in response to facial emoticons was thought to be associated with emotional salience[@b9-ndt-12-651] or lack of social insight[@b40-ndt-12-651] in ASD adolescents. After 6 weeks of game-CBT in this study, ASD adolescents showed increased brain activity within the right cingulate gyrus, left medial frontal gyrus, left cerebellum, left fusiform gyrus, left insula, and sublobar area in response to facial emoticons. In a study that encouraged healthy individuals to control emotional valence of associated situations and memories, brain activation within the bilateral cingulate gyrus, medial frontal cortex, and caudate was observed.[@b41-ndt-12-651] The insular cortex is associated with integration of autonomic and visceral information with emotional and motivational functions.[@b42-ndt-12-651] In addition, the insular cortex is involved in integration of conflicting emotional reactions during incongruent stimuli relative to congruent stimuli.[@b43-ndt-12-651] The fusiform gyrus is highly involved in facial recognition.[@b44-ndt-12-651] Interestingly, the brain activity within fusiform gyrus was similar in response to a wide variety of presentation methods, including drawing and photographs.[@b45-ndt-12-651] In this study, the changes in brain activity within the left fusiform gyrus in the game-CBT group were positively correlated with the changes in the correct response rate for emoticons. Taken together, we suggest that game-CBT intervention with multiple facial stimulations presented by an avatar during game play might encourage ASD adolescents to be more emotionally aroused, to better recognize emotions, and to better consider the associated environments in response to emotionally charged faces.

Limitations
===========

There were several limitations in this research. First, the number of subjects was not large enough to generalize the results to other highly functioning patients with ASD. Second, the improvement in the correct response to emotional words and facial emoticons may be due to repetition effects. Readers should be cautious in interpreting the results. Finally, the efficiency of game-CBT using three professionals can likely be improved, as these treatments can be provided by a single clinician. Future studies should also assess the efficiency of game-CBT relative to standard treatments.

Conclusion
==========

An online, prosocial game that incorporated a CBT protocol was as effective as an offline-CBT intervention in ASD adolescents. With the evidence of greater improvement of social interaction and increased brain activity within cingulate gyrus, frontal lobe, and insular cortex in response to emoticons, the game-CBT encouraged ASD adolescents to better recognize emotions and more accurately consider associated environments in response to facial emotional stimulation. However, the game-CBT was not as effective at increasing brain use for emotional valence in response to emotional words as the offline counterpart.
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###### 

Outline of CBT for sociality

  ----------------------------------------------------------------
  Session   Contents
  --------- ------------------------------------------------------
  1         Introduction\
            • ground rules and assessment of myself\
            • introducing myself and others\
            • setting goals

  2         Basic attitudes for conversation 1\
            • attitudes for conversation 1\
            • distance from other people 1\
            • facial expressions during conversation 1\
            • mood for conversation 1

  3         Basic attitudes for conversation 2\
            • attitudes for conversation 2\
            • distance from other people 2\
            • facial expressions during conversation 2\
            • mood for conversation 2

  4         Body attitude for conversation 1\
            • gazing at other's eye, nose, and face 1\
            • gestures in conversation 1\
            • listening courteously 1

  5         Body attitude for conversation 2\
            • gazing at other's eye, nose, and face 2\
            • gestures in conversation 2\
            • listening courteously 2

  6         Verbal attitudes for conversation 1\
            • speed of speech 1\
            • rehearsal of speaking 1\
            • topic transition 1

  7         Verbal attitudes for conversation 2\
            • speed of speech 2\
            • rehearsal of speaking 2\
            • topic transition 2

  8         Understanding what others are saying\
            • five W's and one H\
            • tracing the order of what other people are saying\
            • tracing the order of events

  9         Thought, emotion, and behavior 1\
            • emotion expressed by body\
            • different emotions in different situation\
            • role playing during different situations

  10        Thought, emotion, and behavior 2\
            • emotion expressed by body 2\
            • my expression and your expression\
            • "I" delivery and "You" delivery

  11        Voice\
            • active voice\
            • passive voice\
            • aggressive voice

  12        Self-assertiveness\
            • active, passive, and aggressive assertiveness\
            • confirming thoughts, emotion, and behavior\
            • my expression for assertiveness

  13        Stress\
            • body responses to stress\
            • detecting my stress\
            • solutions to stress

  14        Coping strategies 1\
            • effective strategies for common situations\
            • steps for solving problems\
            • rehearsal

  15        Coping strategies 2\
            • effective strategies for individual situations\
            • steps for solving individual problems\
            • rehearsal

  16        Review and future planning\
            • review of sessions\
            • award ceremony
  ----------------------------------------------------------------

**Abbreviation:** CBT, cognitive behavior therapy.

###### 

Demographic characteristics

  Variables                 Game-CBT    Offline-CBT   Statistics
  ------------------------- ----------- ------------- ----------------------------------------------------------------------------------------------------------
  Sex (male/female)         (8/2)       (9/1)         *χ*^2^=0.39, *P*=0.53
  Age                       15.8±1.7    16.3±1.5      *z*=0.58, *P*=0.56
  ADOS                                                
   A                        3.4±0.7     3.5±1.0       *z*=0.04, *P*=0.96
   B                        6.6±3.2     7.4±3.3       *z*=0.49, *P*=0.62
   Diagnosis (autism/ASD)   6/4         5/5           *χ*^2^=0.20, *P*=0.65
  CARS                      25.9±4.9    27.5±5.6      *z*=0.58, *P*=0.56
  IQ                        80.0±4.7    80.4±8.0      *z*=0.19, *P*=0.85
  SCQ                                                 
   Total                                              *F*=0.17, *P*=0.69[a](#tfn2-ndt-12-651){ref-type="table-fn"}
    Baseline                20.5±4.2    21.0±4.7      *z*=0.45, *P*=0.65
    6 weeks                 17.4±3.1    18.3±3.3      *z*=0.49, *P*=0.69
   SCQ-I                                              *F*=9.40, *P*\<0.01[a](#tfn2-ndt-12-651){ref-type="table-fn"},[b](#tfn3-ndt-12-651){ref-type="table-fn"}
    Baseline                8.4±2.4     8.0±2.3       *z*=0.23, *P*=0.82
    6 weeks                 6.3±1.3     7.7±1.9       *z*=1.81, *P*=0.06
   SCQ-C                                              *F*=4.31, *P*=0.05[a](#tfn2-ndt-12-651){ref-type="table-fn"}
    Baseline                7.2±2.3     7.7±2.0       *z*=0.57, *P*=0.57
    6 weeks                 6.6±2.0     5.8±1.3       *z*=1.09, *P*=0.27
   SCQ-B                                              *F*=6.23, *P*=0.02[a](#tfn2-ndt-12-651){ref-type="table-fn"},[b](#tfn3-ndt-12-651){ref-type="table-fn"}
    Baseline                4.7±1.3     5.5±1.4       *z*=1.24, *P*=0.21
    6 weeks                 4.9±1.4     4.8±1.5       *z*=0.23, *P*=0.81
  Emotional words (%)                                 *F*=0.44, *P*=0.52[a](#tfn2-ndt-12-651){ref-type="table-fn"}
                            37.7±9.8    39.0±11.6     *z*=0.15, *P*=0.88
                            43.7±11.7   46.0±12.9     *z*=0.19, *P*=0.84
  Facial emoticons (%)                                *F*=2.72, *P*=0.12[a](#tfn2-ndt-12-651){ref-type="table-fn"}
                            51.0±11.4   55.0±11.2     *z*=0.75, *P*=0.44
                            62.7±9.9    63.3±11.4     *z*=0.11, *P*=0.91

**Notes:**

Repeated measure ANCOVA between game-CBT and offline-CBT groups controlling for age and IQ;

statistically significant (*P*\<0.05).

**Abbreviations:** CBT, cognitive behavior therapy; ADOS, Autism Diagnostic Observation Schedule; ASD, autism spectrum disorder; CARS, Childhood Autism Rating Scale; IQ, intelligence quotient; SCQ-I, social communication questionnaire current form-Korean version, reciprocal social interaction; SCQ-C, social communication questionnaire current form-Korean version, communication; SCQ-B, social communication questionnaire current form Korean version; restricted, repetitive, and stereotyped pattern behavior; ANCOVA, analysis of covariance.

###### 

Changes in brain activity in response to emotional words and emoticon faces

  Talairach code                                               Voxels   FDR \<0.05   Regions                 
  ------------------------------------------------------------ -------- ------------ --------- ------------- -----------------------------------------
  **Game-CBT: emotional words (baseline** \<**6 weeks)**                                                     
  50                                                           −39      −3           210       *P*\<0.0012   G1. Right temporal lobe BA 37
  −32                                                          −46      51           191       *P*\<0.0012   G2. Left superior parietal lobule, BA 7
  −50                                                          −51      8            186       *P*\<0.0012   G3. Left superior temporal gyrus, BA 39
  **Game-CBT: emotional words (baseline** \>**6 weeks)**                                                     
  None                                                                                                       
  **Game-CBT: facial emoticons (baseline** \<**6 weeks)**                                                    
  11                                                           0        40           204       *P*\<0.0017   G4. Right cingulate gyrus, BA 24
  −21                                                          39       22           194       *P*\<0.0017   G5. Left medial frontal gyrus, BA 9
  −19                                                          −64      −19          182       *P*\<0.0017   G6. Left cerebellum, posterior lobe
  −39                                                          −68      −14          180       *P*\<0.0017   G7. Left fusiform gyrus, BA 19
  −39                                                          6        9            177       *P*\<0.0017   G8. Left insular and sublobar
  **Game-CBT: facial emoticons (baseline** \<**6 weeks)**                                                    
  None                                                                                                       
  **Offline-CBT: emotional words (baseline** \>**6 weeks)**                                                  
  6                                                            −40      30           321       *P*\<0.0009   O1. Right cingulate gyrus, BA 31
  −42                                                          −30      24           292       *P*\<0.0009   O2. Left parietal lobe white matter
  **Offline-CBT: emotional words (baseline** \>**6 weeks)**                                                  
  None                                                                                                       
  **Offline-CBT: facial emoticons (baseline** \<**6 weeks)**                                                 
  19                                                           42       2            115       *P*\<0.0093   O3. Right anterior cingulate, BA 32
  −2                                                           34       −2           83        *P*\<0.0093   O4. Left anterior cingulate, BA 24
  −1                                                           −33      26           81        *P*\<0.0093   O5. Left cingulate gyrus, BA 23
  **Offline-CBT: facial emoticons (baseline** \>**6 weeks)**                                                 
  17                                                           27       38           212       *P*\<0.0021   O6. Right medial frontal gyrus, BA 6
  −6                                                           34       46           192       *P*\<0.0021   O7. Left superior frontal gyrus, BA 8
  −34                                                          −65      46           175       *P*\<0.0021   O8. Left superior parietal lobe, BA 7

**Note:** The cluster significance level of *P*\<0.05 was estimated through Monte Carlo simulations using the BrainVoyager Cluster Threshold plugin.

**Abbreviations:** BA, Brodmann area; CBT, cognitive behavior therapy; FDR, false discovery rate.
